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Introduction
Does school size matter for students'achievement and which school size is optimal for students'outcomes and for economic e¢ ciency reasons? These questions have been heatedly discussed in many OECD countries during recent decades. Most often the arguments behind school consolidation have been cost savings and economies of scale.
However, small-school proponents have argued that large schools have many negative e¤ects on children's cognitive and noncognitive skills. Despite these heated discussions and arguments pro et con large schools, the empirical evidence on this issue is still at an early stage.
There is a growing literature on the impact of class size on student outcomes, see for instance Fredriksson et al. (2013) for a recent study from Sweden which in many respects has a school system similar to the Danish primary and secondary school system. In line with many other studies, they …nd that larger school classes have a causal negative e¤ect on school outcomes in the short run as well as on long-run outcomes in the labor market. The empirical research on the impact of school size on children's cognitive and noncognitive skills is more sparse and the results are more mixed. Most of the studies …nd negative, but numerically small e¤ects of larger schools when controlling for parental inputs and other background characteristics, see the recent survey in Leithwood and Jantzi (2009) . But even if the e¤ects of school size are numerically small, school size is a political instrument which is much more amenable to change by policymakers than parental background. Thus, even small e¤ects of school size on students'academic achievement and behavior may have important consequences for policy decisions. Our de…nition of the e¤ect of school size is the total policy e¤ect of school size, i.e. including both the direct e¤ect of school size and any potential indirect e¤ects, such as an e¤ect through class size.
While most existing studies have focused on the in-school performance of children or short-run e¤ects of school size, we mainly consider the long-run consequences of school size, for example, educational attainment after compulsory school and the earnings capacity later in life at the age of 30. While estimates of the e¤ect of school size on short-run outcomes (typically test scores or behavioral measures while attending school) of course are informative, it is crucial to know whether these potential short-run e¤ects also translate into di¤erences in the long run, see the general discussion of the e¤ect of school inputs on student outcomes in Hanushek (2006) . We consider outcomes that are generally considered to be a¤ected by both cognitive and noncognitive skills. In a sense this allows us to obtain a more overall picture of the e¤ects of school size than if we considered more narrow outcomes that measured particular forms of either cognitive or noncognitive skills.
The study is based on register data on the total population of students in grade 9 in Denmark during the period 1986-2004. We follow the students until 2010. For these students, who are typically 16 years old when they complete grade 9, we focus on the educational outcomes 6 years later, i.e. at the age of 22. For students in the cohorts from 1986 to about 1998, we also observe earnings at the age of 30. 1 The richness of the data allows for the comparison of di¤erent alternative estimators that are often used in the empirical literature on the causal 1 For the last couple of cohorts, we only observe earnings for the oldest members of the cohorts though.
2 relationship between school characteristics and student outcomes. As the point of departure, we estimate the e¤ect of school size by simple OLS including a wide range of individual-level characteristics available in the register data such as birth order, family type, and parental earnings and education. In addition, alternative …xed e¤ect strategies based on schools and siblings are employed. Finally, we implement two di¤erent instrumental variables strategies based on natural population variation in the catchment area and school openings and closings, respectively.
Based on the wide range of estimators implemented, our results show a robust and positive, but numerically fairly small, relationship between school size and alternative measures of long-term success in the educational system and the labor market, such as the probability of high school completion and earnings at the age of 30. This result is also robust to controlling for grade 9 exit exam grades. The positive impact of school size seems mainly to be driven by boys, students from families with a low educational level and students attending schools in urban areas.
In the following section, we brie ‡y sketch the arguments pro et con small schools, while Section 3 gives an overview of the existing evidence on the e¤ects of school size. In Section 4 the institutional context is described.
Section 5 describes the data and o¤ers some descriptive statistics of Danish schools while Section 6 describes our empirical strategy. Finally, Sections 7 and 8 present the results of our analyses and Section 9 concludes.
Why School Size May Matter
School size is an important policy parameter. During recent decades a major consolidation process has taken place in many OECD countries that resulted in a rapidly declining number of schools and school districts and an increase Policymakers often appear to prefer large schools due to scale economies associated with administrative costs.
In addition large schools are generally able to o¤er a broader curriculum and better career prospects for teachers.
This may attract more experienced and more quali…ed teachers. The students (and teachers) in larger schools typically come from larger geographical areas and may have a more diverse social background. To the extent that diversity and being exposed to students and teachers with di¤erent social and demographic background is a positive production factor in the human capital production function, this may be an argument for large schools. Further, in large schools it may be easier for students and teachers to change classrooms or peer groups if, for example, a match between a teacher and the students in a given class is not optimal.
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However, there may also be negative e¤ects of large schools. Some of these e¤ects may be related to e¤ects of class size since class size is typically positively related to school size. But besides class size e¤ects that almost by de…nition relate to the direct learning environment and the social interaction within the class, the impact of school size may impact other social phenomena: Large schools may have larger alienation e¤ects. Students, parents and teachers in large schools may not feel as responsible for the overall functioning of the school and may be less involved in school activities compared to small schools. Thus, small schools often have more extracurricular activities than large schools despite the fact that large schools may be more successful in sports competitions. Students may have more attendance problems in large schools and the individual student may be subject to less adult supervision, Jones et al. (2008) . Sometimes small schools have mixed-age grouping, peer tutoring etc. which may have positive e¤ects on students'social behavior, feeling responsibility for their peers and even criminal behavior, see Leung and Ferris (2008) . This means that school size to a larger degree than class size may impact students' noncognitive skills while many of the hypothesized e¤ects of class size are related to students'cognitive skills.
School size may also have e¤ects on the local community and this may in practice be one of the more important arguments in favor of small schools and against school consolidation. Closing a local school may have negative e¤ects on social activities in the local community and in the long run it may also have implications for the social composition of residents in the community which may generate more negative peer e¤ects, see Egelund and Laustsen (2006) . However, in this study we restrict our analysis to the more direct long-term e¤ects of school size on students' educational and labor market careers.
Earlier Empirical Research
The estimates of the impact of school size in the literature vary considerably and based on the existing research it is not easy to give an unambiguous policy advice about school size, see Leithwood and Jantzi (2009) . Firstly, the results may of course vary across countries because of institutional di¤erences. Secondly, the notions 'small schools'and 'large schools'vary from country to country. In some countries average school size is relatively large, for instance the UK, where many of the studies are based on an average school size of around 1,000 students. Average school size also varies considerably in US studies, ranging from a few hundred students to very large average school sizes, see the survey in Newman et al. (2006) . Some studies aim at identifying an optimal school size, and this …gure also seems to vary considerably. Bradley and Taylor (1998) …nd that the optimal school size (based on a study of English schools) is larger for older children, for children aged 11-16 it is about 1,200 students and for children aged 11-18 it is about 1,500 students. The dependent variable in their study is exam results of the students. However, their study does not control for potential endogeneity of school size and a later study from Wales indicates that the optimal school size for children in secondary school (age group 11-16) is about 600 students, see Foreman-Peck and Foreman-Peck (2006), who use school attendance as their dependent output variable.
Thirdly, 'optimal'depends on which objective function is optimized. The above results concern student performance (grades or test scores, school attendance etc.). If the focus instead is on minimizing costs per student, the survey of US schools by Andrews et al. (2002) indicates an optimal school size of about 300-500 for elementary schools and 600-900 for high schools. Barnett et al. (2002) apply a Data Envelopment Analysis to UK secondary school data in order to identify 'optimal school size' in the case of two key objectives: school costs and student achievement. They …nd that schools with more than 1,000 students (the largest group in the study) performed relatively better than smaller schools with less than 1,000 students when taking both cost e¤ectiveness and school grades into account.
Some studies focus on other social outcomes, such as dropout rates or criminal behavior. Leung and use distance from a student's residence to a small school as an instrument for enrollment at a small school.
They …nd no e¤ects on student test scores, but they do …nd evidence that smaller schools have a favorable e¤ect on outcomes that are also a¤ected by noncognitive skills such as persistence and the probability of graduation. In the context of estimating the e¤ects of school size, the most ambitious identi…cation strategies thus rely on instruments related to school restructuring and distance. These instruments are not without shortcomings. School restructuring may have other e¤ects on student achievement and behavior than just through school size in which case it would no longer be a valid instrument. Distance is a widely used instrumental variable, but has been subject to critique since it is not generally clear that distance is exogenous with respect to the outcome of interest, Currie and Moretti (2003) and Dee (2004) .
Thus, the previous research results are fairly mixed with respect to the impact of school size on student outcomes.
A number of studies indicate that school size does a¤ect test scores and school grades (cognitive skills) as well as di¤erent measures of behavioral (noncognitive) skills, but the results are dependent on which age groups are analyzed, the outcome measures, and they are highly sensitive to econometric speci…cation and identi…cation.
Institutions, Schools, and Catchment Areas in Denmark
Compulsory school in Denmark typically starts at the age of 6-7 years. Grades 1-9 are the compulsory grades, corresponding to children aged roughly 7-16. There is a kindergarten class (grade 0) for children aged 5-6 and although this grade is voluntary almost all children attend grade 0. 2 The typical school contains grades 0-9, and some schools also have grade 10 which is optional. However, some schools only include some of the grades, e.g. some smaller schools only have grades 0-7. There is no distinction between primary school and lower secondary schools in Denmark, but we will use the notion 'lower secondary school' when referring to the highest grades in compulsory school, i.e. grades 7-9 or 7-10. After completing grade 9 or 10, the student may either enroll in high school (upper secondary level), a vocational education and training program (upper secondary level), …nd a job in the labor market or be 'inactive', i.e. not participating in the labor market and not enrolled in an education. The typical upper secondary education takes 3 years, but there is some heterogeneity across programs.
In Denmark, public compulsory schools are run by the municipalities. During the period considered in this study, 1986-2004, there were 275 municipalities. Some municipalities were very small with less than 5,000 inhabitants, 2 Grade 0 is now part of compulsory school, but for the time period we consider in this paper it was voluntary.
6 while the largest municipality was the municipality of Copenhagen City with about half a million inhabitants. Each municipality is divided into a number of areas, denoted 'school districts'. However, a school district in Denmark is an administrative unit parallel to a 'catchment area' in other countries. The school district or catchment area is typically de…ned by the geographical distance to the school and it is not regularly regulated due to for instance demographic changes in the area. Thus, the number of children in a catchment area depends on fertility in the area, demographic composition of inhabitants, housing and job opportunities. It may of course be argued that settlement patterns to some extent depend on public school quality. However, private school tuition is heavily subsidized in
Denmark reducing the incentive to settle based on school quality. We discuss this question further in Section 6.
The municipality is the political unit while the school districts in Denmark have no political or administrative resources, see Heinesen (2005) . Therefore, we use the notion 'catchment area' instead of 'school district'. A catchment area takes up most of the school-age children in the district. In theory it is possible to enroll in a school in another catchment area than your residential catchment area, but it would depend on the regulations at the municipality level and the discretion of the school. Parents may choose to send their children to a private school. The municipality has the full responsibility for the public schools within their area. This means that the municipality decides on the number of schools and the resources devoted to schools within the municipality. Given these resources, the board of the school and the principal decide on the number of classrooms at a given grade level. However, there are national rules (decided by the Danish parliament) on for instance the maximum class size (currently 28 students), minimum teaching hours in di¤erent courses, syllabus etc. Since the costs of teachers, i.e.
salaries, working conditions, number of teaching hours, preparation etc. are based on collective agreements between the teachers'union and the organization of municipalities (KL), the municipality is not able to a¤ect a number of the school cost drivers, except for school size. Thus, in practice, school size is the main political instrument for the local politicians when monitoring schools and adjusting school costs to their budgets and local tax incomes. 3 However, since the municipalities are obliged to pay about 80 percent of the costs of private schools in the municipality, it often happens that parents in a local area start up a new private school if the municipality decides to close the public school in the area. This may be one of the reasons why the politicians in many municipalities until the latest decade have been quite reluctant to close public schools and therefore public schools in Denmark tend to be fairly small. The average school size for public compulsory schools was 326 students in 2008 4 , a …gure which has been quite stable during the latest decade, see Feilberg (2010).
Data and Descriptive Statistics
We use register data from Statistics Denmark covering the entire population of Danish children who attended grade 9 in public schools in the years 1986-2004. These data include detailed information on parental background and the catchment area in which they reside, such as the number of children in a speci…c age group, the fraction of immigrants etc., since we have access to these data for the entire Danish population. 5 For these cohorts we are able to observe the school outcomes 6 years after they leave grade 9. For individuals in the earlier cohorts, we also use earnings measured at the age of 30 as an outcome variable.
In order to get an understanding of the composition of our sample, Table 1 shows the sample selection process.
At the outset, we consider all children who attended grade 9 in the period 1986-2004. If a child attends grade 9
more than once, we use the …rst occurrence. We drop a minor part of the sample due to missing values in the register data (on either their unique personal identi…ers, birth information, or school district information). A larger part of the sample is dropped due to missing information on school size. Whether information on school size is available depends on how good the schools were at reporting these key …gures. In most years, validity and coverage of the school size data are considered to be high, but especially for private schools there are some problems. We therefore restrict attention to students attending public schools in grade 9. Additionally, there is a clear inconsistency between the number of schools and the number of catchment areas in the municipality of Viborg, and children who reside in this municipality are also dropped from the analysis. Finally, we exclude large schools that collect students from feeder schools that do not have lower secondary school grades. In some municipalities, some small schools may only have grades up to grade 6 or 7, i.e. these schools do not have lower secondary school grades. These schools function as feeder schools to larger schools in the area. Thus, some grade 9 students have only attended their current school for a few years, and these students are excluded in order to get a more homogeneous sample. 6 There are 605,125 students in the baseline estimation sample.
School Size and Catchment Area Size
Information on school size stems from a data set containing actual school enrollment numbers each year that is obtained from The Danish IT Centre for Education and Research (UNI-C). 7 This data set contains enrollment numbers by year-school-grade level. We aggregate at the school level to get the school size in each year. School size in a given year is de…ned as the number of students in grades 0-9 in the school. Similarly, catchment area size in a 5 It was only possible to link street addresses to school catchment areas back to 1993. For the grade 9 cohorts 1986-1992, we therefore use the 1993 street address-catchment area link. That is, for an individual attending grade 9 in 1986, we use the catchment area that the individual would have resided in 1993 given his 1986 street address. Our main results are robust to whether or not the cohorts prior to 1993 are included. 6 We do not have exact information on which schools collect students from feeder schools. Therefore, we use an approximate way to exclude these large schools: For each year, we calculate the country proportion between cohort sizes in grade 9 and grade 5, denoted 'coh9/coh5'. If a school in a given year has a school speci…c proportion exceeding the country proportion by more than 10 percent, the school is excluded. 7 In some years, information on private schools and public schools that are not owned by the municipality is missing from the school size data. For regular public schoools-the vast majority of students attends regular public schools-the data quality is considered good.
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given year is de…ned as the number of children in the catchment area aged 7-16 years at the end of the year.
The average school size in our sample was about 450 in 1986, decreasing to about 400 students in the middle of the 1990s (mainly due to small birth cohorts born in the 1980s) and then increasing to 450 again in 2004, cf. Figure   1 . Thus, our schools are larger than the average public school and the average catchment area because we condition on the school having grade 9. The increase in school size up to 2004 is both due to demographic changes and an increasing number of school closures. 8 
Student Outcome Measures
We consider a number of alternative long-term student outcomes. For all the cohorts observed during the period 1986-2004 we are able to measure the school and labor market outcomes 6 years after attending grade 9. For these cohorts, we observe (1) whether the student has completed high school or vocational education and training 6 years after grade 9 (i.e. at about age 22). However, it is quite common in Denmark to be delayed during this phase of the educational system, either because the student takes a sabbatical year, drops out of the education or enrolls in a new education etc. Therefore, we include an alternative and less restrictive measure of education: (2) enrollment in or completion of high school or a vocational education and training 6 years after grade 9. Finally, we de…ne the outcome measure: (3) 'inactivity'6 years after grade 9. We de…ne 'inactivity'as a residual category in the sense that Except for the latter outcome, these outcomes have the bene…t of not being a¤ected by dropouts from school as is the case for many in-school outcomes, especially at non-compulsory levels. In other words, these are outcomes that
we can observe for all individuals in the sample.
Descriptive Statistics
All children are linked to their parents through unique personal identi…ers. We have information on the age, education, earnings and marital status of the parents. All parental background variables are de…ned at the time the child is 15 years old, i.e. one year before a typical child completes grade 9. Further, we control for immigrant status, number of siblings, birth order, age in grade 9, and the degree of urbanization. Finally, we include two variables that characterize the general socioeconomic environment of the catchment area: the share of non-Western immigrants and descendants in the population of 7-16-year-olds and log of average earnings. 
Identi…cation Strategy
The fundamental challenge to the identi…cation of the causal e¤ect of school size is the possible endogeneity of school size. To clarify, our interest is in the following model for individual i who belongs to family j, and attends grade 9 in school s at time t: Another threat to identi…cation is that parents may select the location of their residence and as such the school their child goes to. If particular types of parents have speci…c preferences for school characteristics, particularly school size, then simple OLS estimates of the above outcome equation would again be biased. By employing a sibling …xed e¤ect estimator, we can ensure that we only compare students who have the same family background.
The …xed e¤ect estimators can solve the type of static selection problems mentioned above. However, additional challenges can be caused by dynamic selection into schools and covarying trends in school size and student outcomes.
For example, if there are shocks in some years that a¤ect both enrollment and students'outcomes or simply a positive linear trend in both enrollment and outcomes, then the …xed e¤ect estimators will be biased. Therefore we include school-speci…c linear trends in some of the estimations as, for example, Black et al. (2013) .
If school size, SS s;t is correlated with the error term in Equation (1), even when we include the school or sibling …xed e¤ects, we cannot rely on ordinary least squares to identify the parameter of interest, . One way to circumvent this problem is to combine the school …xed e¤ect estimator with an instrumental variables strategy. We present FE-IV estimates based on two alternative instruments for school size in order to evaluate the robustness of the …xed e¤ect estimators.
The IV strategies are both based on variation that has been used in other applications in the empirical literature on education economics. Firstly, we use the natural population variation in the residential catchment area as an instrument for school size. Natural population variation has also been used to identify the e¤ects of class size, Hoxby (2000) , and peers, Black et al. (2013) . The size of the catchment area is typically determined by fertility and settlement. In order for catchment area size (CAS) to be a valid instrument for school size, it cannot have an independent e¤ect on students'outcomes other than through its e¤ect on school size. In other words, it may not be correlated with the error term, " i;j;s;t . Since parents may in principle choose to locate in a speci…c catchment area based on for example the quality of the school in the area, we combine the CAS instrument with school …xed e¤ects.
Since we control for factors that are constant within schools over time, the main threat to identi…cation is di¤erential selection into catchment areas over time or covarying trends in school district size and student outcomes. Thus, we have to assume that potential trends over time in fertility or settlement are not related to school performance in terms of students'later outcomes. As suggested by Figure 1 , the size of the catchment area is positively correlated with school size in the municipalities.
Secondly, along the lines of Kuziemko (2006), we construct two instrumental variables based on school openings and closings (SOC). If school reorganization is mainly determined by political decisions, for instance general economic conditions in the municipality, the fact that a neighboring school will then increase in size can be considered an exogenous shock to school size. The validity of the SOC instruments is discussed extensively in Kuziemko (2006) .
It is obvious that school reorganizations over time will be related to the development of school size. However, the exact timing of the political decision of school reorganization is expected to be much less correlated with school size and school quality.
In order to get an idea of how the individual characteristics are associated with the instrumental variables, Table 3 presents results from school …xed e¤ect estimations where two of the outcomes and the three instrumental variables are regressed on the entire set of control variables. Firstly, the results in columns (1) and (2) indicate that the key covariates are important predictors of student outcomes. We report results for completion of high school or vocational education and earnings, but the picture is similar for the remaining outcomes. In columns (3), (5) , and (7) we regress the three instruments on the same set of control variables in order to see whether the instruments vary in a systematic way with some of the control variables which might be an (indirect) indication of potential correlation with unobserved factors a¤ecting school outcomes. The joint F-test and the signi…cance test indicate that we can reject the null that the coe¢ cients are jointly zero in the case of the CAS instrument. Since our regressions include a large number of observations (more than 600,000), even small correlations tend to show up in signi…cant coe¢ cients. For example, having a mother with a vocational education (relative to basic education) signi…cantly increases the probability of completion by 7.4 percentage points. On the other hand, this same variable signi…cantly increases catchment area size, but the order of magnitude of the coe¢ cient is less than one hundredth of a standard deviation. Being a non-Western immigrant is associated with a large estimated coe¢ cient on catchment area size, but even in this case, the order of magnitude of the coe¢ cient is only a little bit more than one twentieth of a standard deviation. Looking more closely at the signs and the size of the coe¢ cients, it is di¢ cult to …nd a systematic structure of the coe¢ cients in column (3), except for the urbanization variables where the coe¢ cients for municipalities in the large cities and the Copenhagen area have systematically larger school catchment areas.
The fact that catchment area size is related to the degree of urbanization is hardly surprising, and this underlines the importance of controlling for these variables. Overall, it is clear-also from the F-statistics-that the control variables matter more for the student outcomes than for the instrumental variables. For the instruments based on openings and closings, we only see a few signi…cantly estimated coe¢ cients, see columns (5) and (7).
Robustness of Estimators and Alternative Outcomes
In order to evaluate the sensitivity and robustness of the estimators, Table 4 shows alternative estimated coe¢ cients of the school size parameter on the probability of completing high school or vocational education. 10 The …rst column shows the OLS estimate. The correlation of school size and high school completion is positive. Since school size is measured in hundredths of students, the coe¢ cient suggests that increasing school size by 100 students increases the probability of completing high school by 0.8 percentage points. Including school …xed e¤ects (FE) to take account of unobserved time-invariant school-speci…c heterogeneity leads to a lower estimated but still signi…cantly positive coe¢ cient on school size. In column (3) school-speci…c trends are added to the school FE model. This eliminates the estimated positive school size e¤ect which now turns insigni…cant. In column (4) we estimate a sibling …xed e¤ect model which controls for unobserved time-invariant family heterogeneity. This estimate is based on a subsample of students with at least one sibling in the same school. Again the school size coe¢ cient is insigni…cant and close to zero. 11 In the last three columns of Table 4 alternative IV estimates are presented. In column (5), the CAS instrument is combined with school …xed e¤ects. The positive school size e¤ect increases relative to the OLS estimate. According to this estimate, an increase in school size by 100 students increases the probability of completing high school by 2.6 percentage points. The predictive power of the instrument in the …rst stage is reasonable (with a t-statistic of 8:17). In column (6) the CAS instrument and the school …xed e¤ect estimator are combined with school-speci…c trends. The estimated e¤ect of school size increases dramatically. Looking at the …rst-stage coe¢ cient and the partial R 2 of the instrument, Table 4 indicates that the CAS instrument becomes fairly weak when we include school-speci…c …xed e¤ects and trends. Therefore, we do not consider these estimates to be very reliable. Finally, in column (7), the SOC instrument is applied. For the …rst time, the estimated coe¢ cient of school size turns negative, but it is numerically small and insigni…cant, even at a 10 percent level. In addition, the partial R 2 is only about 0.018, suggesting that this is a weak instrument.
In order to directly compare the di¤erent estimates in Table 4 , it is necessary to assume that all individuals respond in the same way to changes in school size, in other words that responses to treatment (school size) are homogeneous. In the case where individuals respond di¤erently to changes in school size, the IV estimates are 1 0 In alternative estimations not shown here, we have excluded the observations with the largest catchment area sizes (more than 1,000 students) and reestimated Table 4 . The results are qualitatively similar when large catchment area observations are excluded. The results are available on request from the authors. 1 1 When applying a simple OLS (same model as column (1) in Table 4 ) on the subsample of siblings, the estimated coe¢ cient is 0.005 (signi…cant at the 1 percent level), i.e. the coe¢ cient for the sibling sample is slightly lower than for the full sample (0.008).
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no longer directly comparable to the OLS and FE estimates, since they no longer identify the same parameters.
When treatment intensity is variable, IV estimates can be interpreted as a weighted average of the average causal response, Angrist and Imbens (1995) . This relies on a monotonicity assumption. In the simplest case of a binary instrument monotonicity entails that the instrument has to move everybody in the same direction. For example, it rules out that school size decreases for some individuals when they experience a school closing in their municipality, but would have increased if they had not experienced a school closing. Thus, based on the results from Table 4 we conclude that the e¤ect of school size on completed vocational or high school education tends to be positive but small and the estimated impact of school size seems to be fairly robust to speci…cations. Our results do not suggest large negative e¤ects of school size on long-term outcomes. Also, since the results suggest that the instrumental variables are relatively weak, one should not put too much weight on the IV estimates. Table 5 shows the estimated coe¢ cients of school size for a number of alternative long-term student outcomes.
Despite the fact that the results presented in the previous table indicated that the estimated coe¢ cients were somewhat robust to the choice of estimator, we choose to show the results from four preferred alternative estimators.
The general impression from Table 5 is that the estimated coe¢ cients of school size on educational outcomes (panels A and B) are numerically small and most often positive -in the sense that large schools are 'good'. For inactivity, i.e. not being active in the educational system or labor market, the estimated coe¢ cient is negative, i.e. students from larger schools appear to be more successful in the educational system or labor market when evaluated 6 years after the student attended grade 9. The sibling …xed e¤ect estimates are generally insigni…cant as are the FE-IV estimates based on the SOC instruments-except for grade 9 exit exam grades (E).
In panel D, we report the estimates for earnings at the age of 30. All estimated coe¢ cients are either positive or insigni…cant. Thus, our results indicate that also in a long-run perspective, large schools do not in general harm the chances of completing a formal education and the earnings potential in the labor market. The size of the coe¢ cients varies considerably for this outcome variable, ranging from very close to zero (insigni…cant) to an about 50 percent increase in annual earnings at the age of 30. The latter e¤ect is probably strongly exaggerating the life cycle income e¤ect of school size since it is measured at a very early stage in the labor market career. If we consider the school …xed e¤ect estimate of school size which is 0.020 (insigni…cant), the interpretation is that an increase in school size of 100 students increases earnings by about 2 percent. This roughly corresponds to the order of magnitude of the estimate of the e¤ect of a one student increase in class size on earnings from e¤ects of school size but the estimate obtained by using school openings and closings as instruments is negative (signi…cant at the 5 percent level). This might be an indication that school size e¤ects tend to be more negative for short-term test scores and exam results compared to long-term outcomes in the educational system and labor market. It could also re ‡ect that school restructuring is associated with a short-run disruption e¤ect. However, one should be cautious to draw too …rm conclusions based on these estimates since the FE-IV estimates based on the SOC instruments are not very robust when we restrict the sample period to only three years. In alternative estimations not shown here, we have estimated the models included in Table 5 for all 3-year periods of the cohorts 1986-2004 for the outcome measures in panels A, B, and C. The SOC estimator is very unstable, probably because the instruments tend to be weak and the explanatory power low in the …rst-stage estimation when we restrict the sample to only three consecutive years. For the subsample of students attending grade 9 in 2002-2004, we have also estimated a number of models where we include grade 9 exit exam grades as a control variable. 12 The resulting estimates of the e¤ect of school size on outcome measures A, B and C tend to be insigni…cant and numerically very small.
Thus, based on the results in Table 5 we cannot document that larger schools in Denmark are harmful to student long-term outcomes. 13 If anything, the tendency is the opposite, i.e. students in larger schools tend to have more success in the educational system 6 years after attending grade 9 and in the labor market at the age of 30. For the short-term outcome, the average grades in Math and Reading at the exit exam in grade 9, our results are mixed and inconclusive.
8 Heterogeneous Responses: Gender, Immigrant and Socioeconomic
Status
As discussed in Section 3, earlier studies of the impact of school size have often found that the impact varies over subgroups of students. More vulnerable children, and particularly boys, often bene…t from smaller classes and smaller schools in the empirical studies which tend to …nd negative e¤ects of large classrooms or large schools. Since we do not …nd negative e¤ects of larger schools in Denmark, it is interesting to study whether the non-negative e¤ects of larger schools carry over to subgroups of students. Table 6 shows selected results from estimating a number of models where we allow the school size coe¢ cient to vary among subgroups: Gender, father's educational level, and urbanization of school area. 14 We do not …nd any di¤erences in the impact of school size on long-term school outcomes based on immigration status and birth order.
Therefore we do not show these results in Table 6 . We apply the simple OLS estimator with school …xed e¤ects in the results shown since the robustness tests in the previous sections indicated that the estimates are fairly robust, although the school FE tends to yield numerically more conservative estimates.
In column (1) school size is interacted with an indicator that equals one if the student is a boy and zero if the student is a girl. The coe¢ cient of school size captures the e¤ect of school size for girls while the coe¢ cient on the interaction term captures the di¤erential of the e¤ect of school size for boys and girls. Thus, if the coe¢ cient on the interaction term is statistically signi…cant, we can reject that boys and girls respond similarly to changes in school size. The results in column (1) indicate that the estimated e¤ect of school size tends to be larger for boys than for girls. However, a puzzling result appears when we consider the 'inactivity' outcome. Here large schools seem to favor girls more than boys.
The education level of one's parents is usually an important determinant of one's own educational outcomes.
One explanation for this is that educational inputs potentially interact with parental education in the production function for human capital accumulation. Column (2) in Table 6 con…rms that parental education level matters for the school size e¤ect. Children of fathers who have basic or missing education (i.e. no vocational or higher education) seem to bene…t signi…cantly from large schools, cf. the coe¢ cient on school size. The estimated impact of school size on long-term educational outcomes, the measure of inactivity, and the earnings at the age of 30 are all signi…cantly positive (negative for inactivity). For children from families with a more highly educated father, the estimated school size e¤ect tends to be smaller (closer to zero) than for children with uneducated fathers. We did a similar analysis for parents'earnings, but did not …nd evidence that the e¤ect of school size varied substantially over The estimation results in Table 6 reveal that the children who are often considered more vulnerable, like boys and children from families with a low educational level, are more positively a¤ected by school size than other children. Given that we …nd positive e¤ects of school size, this is in line with much of the existing research on educational resources. Potential explanations include the ability of large schools to exploit the potential positive diversity e¤ects among students from di¤erent social groups, to allow for ‡exibility with respect to matching groups of students and teachers, or to attract higher quality teachers. Vulnerable children may be especially sensitive to e.g. the quality of the teacher. However, one should keep in mind that this result is mainly driven by schools in more urban areas and further that the numerical size of the e¤ects in most cases is not very large. On the other hand, this study does not give support to the argument that large schools (in Denmark) are harming the educational outcomes of students.
Conclusion
Does school size have an impact on students' long-run education and labor market outcomes? This question has been an important policy question in many countries because school size is one of the parameters in school policy which is fairly easy for politicians to control. While class size may mainly a¤ect the actual learning environment and thereby students' cognitive skills, school size may have other or supplementary e¤ects on especially noncognitive skills that may be important for students' success in the labor market and the ability to complete an education.
However, it is not an easy task to document the causal impact of school size on students'outcomes because school size is a variable which is potentially endogenous in a student outcome equation, and it is hard to identify valid instruments for school size. Our estimation strategy is to control for a really large number of background variables and to apply a number of alternative estimators and instruments, evaluate the robustness of our estimates, and refer the more conservative estimates of the relation between school size and school outcomes.
With these reservations in mind, we …nd that for students attending grade 9 in Danish public schools, school size tends to have no e¤ect or even a positive e¤ect on educational outcomes and earnings later in life, at the age of 30. This result is di¤erent from the results found in a number of studies from mainly the UK and the US. However, Danish schools are on average much smaller than schools in the US and the UK. The average school size in this study which covers almost all public schools with grade 9 in Denmark was about 460 students. Another interesting result is that the positive e¤ects of school size tend to be larger for boys when we consider educational outcomes like the probability of completing high school or a vocational education and training program, and for children who have fathers with a low education level. Thus, students who are traditionally considered more vulnerable seem to bene…t from larger schools. Finally, part of the non-negative or positive school size e¤ect seems to be driven by schools in urban areas contrary to rural areas. Notes: a) Colum ns (1) and (2) rep ort results from OLS-FE regressions on the controls sum m arized in Table 2 . b) Colum ns (3), (5) , and (7) rep ort OLS-FE results of regressing the given instrum ent on the controls. c) Colum ns (4), (6) , and (8) rep ort p-values from OLS-FE regressions of the given control variable on the instrum ent and the rem aining controls. The p-value is for a t-test of the signi…cance of the given instrum ent. d) '***', '**', and '*' indicate statistical signi…cance at the 1, 5, and 10 p ercent levels, resp ectively. e) All standard errors are corrected for clustering at the scho ol level. Table 4 :
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Robustness of Estimators
Outcome:
Completion of high school a) '***', '**', and '*'indicate statistical signi…cance at the 1, 5, and 10 percent levels, respectively. b) All standard errors are corrected for clustering at the school level. c) Speci…cations with trends include school-speci…c linear trends. d) 11 schools are disregarded, corresponding to 174 observations. For IV estimation, 176 observations are disregarded. e) Only individuals with a sibling attending the same school have been included in the sample. f) 63 observations have been excluded due to missing instrument values. g) All regressions include the controls summarized in Table 2 . a) '***', '**', and '*'indicate statistical signi…cance at the 1, 5, and 10 percent levels, respectively. b) All standard errors are corrected for clustering at the school level. c) Only individuals with a sibling attending the same school have been included in the sample. d) Some observations have been excluded due to missing instrument values. e) All regressions include the controls summarized in Table 2 . a) '***', '**', and '*'indicate statistical signi…cance at the 1, 5, and 10 percent levels, respectively. b) All standard errors are corrected for clustering at the school level. c) All regressions include the controls summarized in Table 2 . d) Both 'Missing education'and 'Basic education'dummies have been left out as baseline in column (2). e) Both 'Rural areas'and 'Smaller cities'dummies have been left out as baseline in column (3).
